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Abstract 
New standards are needed to codify recent developments in thinking and emerging best practice in engineering services: those collaborative 
technical and engineering activities that contribute to a business service that is enabled by keeping complex, long-life engineering assets 
operational at minimum cost. Such services are illustrated by the engineering involved in what have been called “complex service systems” or 
“product-service systems” and need the engineering activity and resource to be integrated with the overall service provision eco-system. This 
means that engineers and engineering have a critical role to play within the overall service delivery system displaying new, integrated behaviors 
and complementary competencies to support the service paradigm. To support successful service outcomes, this requires a very different set of 
behaviors and processes to those prevalent in the traditional arcane and transactional approach of systems engineering or physical asset 
management. A new framework standard is proposed, together with guidance on the application of relevant existing process and technical 
standards, to support the build of best practice and innovation in this area of interest to servitized and servitizing manufacturers. 
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1. Background 
There has been considerable research in recent years on 
service and service systems enabled by maintaining complex 
engineering assets [1]. This research has provided insights into 
the need for a paradigm shift in the way teams behave and 
resources are integrated in order to focus on the common 
purpose of creating value in use, for the user, from the 
engineering assets developed, deployed, updated, replaced and 
retired during the ongoing delivery of the “complex 
engineering service” or “product-service system”. Some large 
companies have been “servitizing” for some while: examples 
being IBM and Rolls-Royce, BAE Systems and others that 
have been adopting into use some of the research whilst 
developing their own new practice. Smaller, more recent 
protagonists of servitization struggle to realize the benefits 
sought [2] let alone lead with innovative growth. It is 
hypothesized that this is largely because research and 
emerging best practice are inaccessible as learning to date is 
obscure and has not yet been adequately codified, exacerbated 
for complex engineering services by the difficulty of 
transforming arcane, transactional systems engineering 
practice into that of a collaborative resource integrator based 
on the principles of service-dominant logic. 
Standards promote innovation [3] by providing a clear 
foundation of best practice and a clear basis for cooperative 
working and development across teams. Because we know 
that successful resource integration is critical to effective 
service operations, it is arguable that standards should be 
critical to service provision by a multi-organisation eco-
system. Current experienced practitioners are getting over this 
by using in-house private standards but this approach struggles 
to support resource agility (across an agile supply network) 
and customer variety. Recognizing therefore that it is timely to 
develop standards for complex engineering services in order to 
promote innovation in UK manufacturing, BSI are adopting 
engineering services as a strategic development theme on the 
basis of recent work by Cranfield University. This will involve 
developing understanding about how existing process and 
technical standards can be applied, and tailored where 
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necessary, by servitized and servitizing manufacturers and 
promoting development of a new framework standard. 
A generic value map for engineering services has been 
proposed by Cranfield University [4]. This provides a view of 
those activities or attributes of engineering services that most 
contribute to realization of the overall value proposition based 
on the need to improve asset availability at minimum cost, 
although does not preclude other values. Although further 
validation would be desirable, the value map has had some 
qualitative cross-sector endorsement. Arguably, it may be 
considered a good starting point to comprehensively address 
those activities and process areas on which engineering 
services most critically depend, and is therefore proposed as a 
basis for a new framework standard for engineering services.  
1.1. Method 
This paper is intended as a challenge to a conference 
workshop. The paper proposes a new framework or 
overarching standard for engineering services’ operations 
based on the hypothesis that Cranfield University’s value map 
[4] could be used as a starting point for development of such a 
standard: the intention being that the workshop will be used to 
test the qualitative validity of the hypothesis by checking 
whether such a standard would address the practical issues and 
concerns of those practitioners and academics attending. The 
outcome of the workshop will allow detail to be added to a 
future strategy for standards in engineering services [5] and 
continued validation of the value map itself. Shaw et al [4] 
describe the methodology for development of the value map 
which was based on developing a cross-sector consensus on 
the most important or critical activities for development and 
delivery of effective engineering services, developed through 
a series of 1:1 interviews and workshop attended by some 10 
key practitioners from large and small companies.         
2. Standards for business model innovation 
There is strong evidence that the development and 
adoption of appropriate standard has historically been critical 
in enabling the commercialization new innovations [6, 7, 8]. 
One advantage in engaging with the standards making process 
at an early stage is that of attaining ‘first mover advantage’ 
ahead of the competition. These standards can add value for 
many reasons, including establishment of common 
vocabularies in multidisciplinary industries; enhanced 
confidence of investors and customers; and reduction of 
barriers to trade. Additionally there is evidence that suggests 
that an absence of standardization at an early stage can lead to 
unnecessary and prohibitive economic inefficiencies and 
reduced effectiveness. 
Innovations of different maturities often benefit from 
varying approaches to standardization. For example, new 
technologies with an immature and disparate stakeholder base 
require vocabularies and semantic standards to enable 
efficient communication of highly technical information. As 
the innovation matures and begins to reach the marketplace, 
characterization and testing standards become necessary to 
add confidence and ensure quality. As such products (or 
services) become established in the marketplace, following 
which continued development of appropriate standards can 
promote ongoing innovation based on the compatibility of, 
and common specifications for foundation technologies, 
processes and behaviors. 
In the case of an innovation such as engineering services, 
as the key “enterprise-level” component of servitized 
manufacture, standardization will assist in integrating 
resources and capabilities across the eco-system (or the 
service supply network). Much of the research work to date 
has been largely bi-lateral, considering eco-systems of only 
two actors: the service consumer who is interested in value in 
use and the service provider responsible for maintaining the 
assets in use. Whilst some practice has addressed multi-actor 
complex engineering services [9], and new research into 
multi-actor eco-systems is emerging, development of a 
framework of standards must be an essential pre-requisite to 
enable practical development and innovation across these 
wider service delivery networks, whilst also assisting smaller 
enterprises to make the first steps towards servitized 
manufacturing with an assurance that has not been evident to 
date. 
3. Current standards 
Standards were originally focused on technical or material 
subject matter: material properties, and how best to undertake 
technical analysis arguably illustrated for engineering services 
by the range of standards that address analysis techniques for 
product maintenance or “dependability”. This initial focus has 
been developed over the last 30-40 years with standards that 
codify the practice of business processes, most notably ISO 
9000 or more recently ISO 55000 (Asset Management) and 
BS 11000 (Collaborative Business Relationships). However, 
BSI are increasingly seeing standards that codify not only 
these technical specifications and management processes, but 
also the values and principles that underpin successful 
organizations, and the practices that shape how companies can 
become more innovative, better governed and more 
responsible [3]. Thinking in this way about the overall 
approach to the development of standards suggest that we are 
seeing interest in a third “epoch”: having technical, process 
and now “framework” standards that provide an overarching, 
integrated codification of best practice across a broad area of 
interest. It is arguably these new framework standards that are 
likely to have greatest impact on UK innovation and 
competitiveness on the world stage.   
There are very many current standards that have, to some 
degree, a bearing on engineering services. Based on a search 
against a range of relevant key words and key phrases for 
each of 14 ICS (International Classification for Standards) 
codes BSI recently reported some 3000 ISO and BS (EN) 
standards plus another 2000 standards used elsewhere in the 
world but not adopted as ISO or EN standards [10]. Inevitably 
the vast majority are technical standards, with some process 
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Consideration of the value proposition, capture mechanism 
and risk management needs will establish the overall 
contracting framework between the legal entities within which 
the individual actors work.    
4.5. Forecast demand 
As well as forecasting demand for the assets that support 
the service provision – how, when and in what environment 
they are to be used, demand for the overall service needs to be 
forecast in the context of the market and customer need. This 
means understanding the customers’ overall operating 
environment in relation to the capabilities of service providers 
and the advantages that potential competitors may have. 
Consideration needs to be given to eliciting objective, 
subjective and implied requirements, such as ethos [14], 
Establishing and maintaining a forecast of demand requires 
continuous and effective communication between the 
customer and service supplier, and all the actors within the 
eco-system establishing the principle requirements for 
information flows across the eco-system delivering the 
information needed to set and adapt the maintenance strategy.      
4.6. Set maintenance strategy 
Setting, adapting (during operation) and delivering the 
maintenance strategy for the physical assets that underpin the 
service – allowing the customer to enjoy value in use – is the 
“core” engineering activity. In the context of demand, setting 
the maintenance strategy requires a forecast of asset 
reliability, availability and readiness across the lifecycle, and 
the resources and logistics needed to deliver asset availability. 
Whilst the focus will be on physical assets, consideration 
needs to be given to the reliability, availability and readiness 
of non-physical assets including organizations and people. 
Because the overall cost of providing a “complex service” 
or “product-service system” will tend to be driven by the cost 
of providing, maintaining and disposing of physical assets, the 
ability to model costs is an important feature of iterating to an 
optimum maintenance strategy. However, again the costs 
associated with non-physical assets, and with change and 
uncertainties must also be considered. 
4.7. Manage resources 
Resources of all types within teams and across the eco-
system must be deployed and adapted with agility to support 
the forecast demand and a maintenance strategy responsive to 
variety in use. Based on monitoring the health state and 
performance of physical assets and undertaking appropriate 
analysis, non-physical assets (people, processes, tools, 
finance, information etc) need to be configured and re-
configured for optimum deployment. Processes will need to 
be adapted to reflect customer and use variety, and human 
resources re-configured to maintain an appropriate alignment 
of behavior whilst ensuring capabilities are complimentary 
across the eco-system. 
4.8. Manage the eco-system 
This section of the standard will address the approach to 
overall management of the eco-system based on information 
gained (and fed back to) demand forecasting, maintenance 
management and the deployment of resources. The activity 
will ensure the culture, behaviors, and capabilities remain 
aligned across the overall eco-system and supported by 
appropriate interface arrangement, business models and the 
basis for effective contracts focused on jointly managing risk 
and co-creating value in use. It will include what would be 
conventionally described as supply chain management (which 
will still be appropriate for some areas of activity) whilst 
enabling the network of collaborators to understand and 
manage the customer context. The need for the collective to 
manage customer context – to work together to change what 
the customer does – is predicated on the need for the customer 
to change in order to enjoy improved value and the 
continuous improvement of this.  
4.9. Continuous improvement & enabling activities 
A mechanism of continuous improvement is proposed that 
will allow integration and ongoing performance improvement 
of the value driving activities, supported by the more 
“conventional” business and engineering support activities 
such as market analysis, legal and regulatory compliance, 
validation methods (including new methods for level of 
service validation) commercial and contracts management, 
information technology and safety management. 
Of these enabling activities, safety management is the most 
challenging for which new techniques related to the service 
risk management approach, will need to address the potential 
conflict between the need for clear lines of accountability and 
collaborative endeavor focused on co-creation of value in use.   
4.10. Guidelines on tailoring the standard 
We have seen that there are very many technical standards 
applicable to design for life and the maintenance of physical 
assets, not least of which being those addressing 
dependability, together with some process standards. Most if 
not all these extant standards apply to conventional 
manufacturing and maintenance, repair and overhaul activity 
and are likely to need various degrees of tailoring to ensure 
they can be applied to service and engineering services in 
particular. This is driven by the collaborative nature of service 
and the need to co-create value in use realized at the time of 
use, rather than the normal paradigm of value in exchange 
derived from a transactional or sequential, rather than 
concurrent activity.  
It should be intended therefore that this section of the 
standard will provide some general guidelines for tailoring 
extant standards for application to engineering services. 
190   Paul Tasker et al. /  Procedia CIRP  22 ( 2014 )  186 – 190 
 
5. Process and technical standards 
We have seen that many of the processes and technologies 
involved in engineering services are apparently well served by 
existing standards. However, work at the EPSRC National 
Centre for Trough-life Engineering Services (TES Centre) 
reported here and elsewhere suggests a number of gaps in the 
coverage of current process standards for engineering 
services. Also, the proposition that “service thinking” needs to 
be applied to engineering services to ensure their 
effectiveness as a collaborative activity [15] suggests the 
potential need to tailor, or provide tailoring or application 
guidance to some relevant existing standards. This perspective 
suggests an early opportunity to develop, for example, the 
following new standards: 
• Guidance on no-fault found (NFF) incidents – to 
codify best practice being developed at TES Centre. 
• Guidance on standard terminology, and processes for 
the estimation of whole-life costs for long-life physical 
assets, taking account of risks and uncertainty, again 
based on recent TES Centre work. 
• Guidance on the development of business models for 
engineering services / product-service systems. 
• Guidance on safety and risk management for 
engineering services / product-service systems. This 
standard is needed to enable the tailoring of 
governance regimes, currently reliant on “linear” or 
“transactional” delegation to the more complex 
network relationships needed for effective engineering 
services.   
In addition, it is proposed that general guidance on the 
applicability of current process and technical standards to 
engineering services, as a new standard or BSI guide, would 
be of particular benefit to SMEs (small and medium sized 
enterprises) and larger companies embarking on the 
transformation to servitized manufacturing. 
There should also be an opportunity to influence those 
updates of current standards that are currently in work. This is 
being done for IEC64204 (Obsolescence Management) whilst 
another example would be the current work on the new issue 
of ISO9000.  
6. Conclusions & further work 
Although further validation of the value map (figure 1) will 
be beneficial, it is proposed as a basis for development of a 
new framework standard for engineering services, to be 
explored at the conference workshop. We have seen that 
practitioners struggle with the need to change their thinking 
and behavior, to change their operational and business 
paradigm, when moving from product manufacture (and 
“conventional” product maintenance and field support 
services) to the provision of “servitized manufacturing” or 
product-service systems where a collaborative, service-
dominant logic needs to prevail. Although there are an 
increasing number of service-based standards in existence and 
in development, most if not all of these remain rooted in a 
conventional manufacturing paradigm and none provide 
effective overall guidance on how engineering consortia can 
form and operate to deliver effective engineering services 
within an overall service delivery eco-system. A new 
framework standard is proposed to fill this significant gap. 
Commercial leadership / sponsorship is needed to implement 
this proposal as, for example a new Publicly Available 
Standard (PAS). 
In addition it is suggested there is scope for developing 
new process standards in some specific areas of interest – 
where clear gaps in standardization for engineering services 
emerge as research and practice mature in the new field of 
servitized manufacturing and engineering services in 
particular. In addition, continued work may confirm the 
desirability of an applications guide, addressing how existing 
standards may be applied to engineering services in order to 
help early adopters, and SMEs in particular, succeed and 
innovate in the field.   
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